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(5) Solvent extraction of beta-carotene. 

(57) The invention provides a method for the sol- 
vent-extraction of p-carotene from an aqueous 
algal biomass suspension, whereby a vegetable 
oil which is immiscible with water is mixed with 
an aqueous biomass suspension, the biomass 
containing the 0-carotene, to form a mixture of 
the organic phase and the aqueous suspension, 
whereby the p-carotene is caused to dissolve in 
the organic phase. This is followed by sepa- 
ration of the organic phase from the aqueous 
phase by passing the organic phase containing 
the dissolved p-carotene through a semi- 
permeable membrane to effect microfatration 
or ultrafiltration of the organic phase. The mem- 
brane is of a material which is hydrophobic and 
the organic phase is passed through the mem- 
brane with a pressure drop across the mem- 
brane which is lower than that which causes the 
aqueous phase to pass through the membrane. 
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THIS INVENTION relates to the solvent extrac- 
tion of oil-soluble organic compounds from aqueous 
biomass suspensions. More particularly it relates to a 
method for the solvent extraction of an oil-soluble or- 
ganic compound from an aqueous biomass suspen- 
sion, suitable for extracting p-carotene from an aqu- 
eous algal biomass suspension. 

According to the invention, in the solvent-extrac- 
tion of p-carotene from an aqueous algal biomass 
suspension whereby an organic phase In the form of 
a vegetable oil which is immiscible with water is mixed 
with a suspension in an aqueous phase of an algal 
biomass, the biomass containing the p-carotene, to 
form a mixture of the organic phase and the aqueous 
phase, whereby the p-carotene is caused to dissolve 
in the organic phase, followed by separation of the or- 
ganic phase from the aqueous phase, there is provid- 
ed the method whereby the separation is effected by 
passing the organic phase containing the dissolved p- 
carotene through a semi-permeable membrane to ef- 
fect microfiltration or ultrafiltration of the organic 
phase, the membrane being of a material which is hy- 
drophobic and the organic phase being passed 
through the membrane with a pressure drop across 
the membrane which is lower than that which causes 
the aqueous phase to pass through the membrane. 

By 'hydrophobic' is meant that the contact angle 
exhibited by a droplet of water on a surface provided 
by the material of the membrane is >90°, and the con- 
tact angle is preferably as high as practicable for the 
purpose of the method of the present invention, bear- 
ing in mind practical and economic considerations. 

The aqueous algal biomass suspension may be 
of halophilic algae of the genus Dunaliella. Conve- 
niently the algae may be of the species Dunaliella sal- 
Ina and the variety bardawll . Examples of other halo- 
philic species of Dunaliella are Dunaliella parva , Du- 
naliella tertiolecta , Dunaliella phmolecta , Dunaliella 
pe/rce/ , etc. All of these are well known but the pre- 
sently preferred are high-p-carotene-producing 
strains of the species Dunaliella salina . Dunaliella sal- 
Ina is particularly suitablefor producing p-carotene by 
the process according to the invention from saline 
solutions. 

The biomass suspension may be relatively con- 
centrated, the concentration of biomass solids in the 
suspension, on a dry basis, being at least 0,1 g/f , pre- 
ferably 0,5 - 1 00 g/f , typically 5 - 20 g/P, eg 1 0 g/? . The 
concentration of p-carotene in the suspension may be 
0,1-12 % by mass of the solids, on a dry basis, usually 
1-10%, eg 2%. 

The aqueous algal biomass suspension may 
comprise aqueous algat biomass suspended in a sal- 
ine solution, of the type used to culture the algal bio- 
mass. Numerous such solutions are known in the art, 
an example being that of Ben-Amotz A. and Avron M., 
Plant Physiology. Vol. 72 , 593-597, (1983). 

Vegetable oils which can be used include soya- 



bean oil, peanut oil and, in particular, sunflower seed 
oil, although other vegetable oils with similar suitable 
physical properties may naturally be used instead. 
From the aforegoing it follows that, in a particular 

5 embodiment of the invention, the vegetable oil may 
be an edible oil selected from soya-bean oil, pea-nut 
oil and sun-flower oil, the suspension being of bio- 
mass of halophilic algae of the genus Dunaliella se- 
lected from the species Dunaliella parva , D. tertiolec- 

io fa, D. primotecta , P. peimel, D. salina and mixtures 
thereof, the aqueous phase being a saline culture sol- 
ution in which the biomass is present on a dry basis 
at a concentration of 50- 20g/f and in which the p-car- 
otene is present at a concentration of 1-10% by mass. 

is In accordance with the method, the organic 
phase is preferably thoroughly admixed with the aqu- 
eous phase, to form an emulsion with an organic 
phase droplet size which Is as small as practicable, 
taking practical and economic considerations Into ac- 

20 count, the proportions of oil and water in the emulsion 
being optimized by routine experimentation. The sus- 
pension may be heated to an extraction temperature 
of up to 120°C, preferably 50-80°C, eg 60°C, to en- 
hance p-carotene solubility in the oil and to enhance 

25 lysis of algal cells In the emulsion, which lysis is typ- 
ically achieved mechanically, eg by means of a 
French Press. The heating may take place before or 
after, but conveniently simultaneously with, the mix- 
ing to form the emulsion, and the emulsion may be 

30 kept at the extraction temperature for at least 3 mlns. 
preferably at least 5 mins, eg 5 - 10 mins or more, for 
adequate solvent-extraction of the p-carotene to take 
place. 

In otherwords, the mixing may be such as to form 

35 an emulsion in which the organic phase Is discontin- 
uous and the aqueous phase is continuous, the or- 
ganic phase having an average droplet size of at most 
1000 urn, preferably 100 - 400 urn, the organic 
phase:aqueous phase mass ratio being in the range 

40 1:50 - 1:1, preferably 1:35 - 1:15, eg 1:25, and the 
method including keeping the emulsion at a temper- 
ature of 50-80°C for at least 5 minutes before the ul- 
trafiltration takes place. 

After the solvent-extraction is sufficiently conv 

45 plete, the microfiltration or ultrafiltration may be car- 
ried out, at a temperature of 20-80°C, eg at said ele- 
vated extraction temperature which reduces the oil 
viscosity and facilitates the microfiltration or ultrafil- 
tration, although the microfiltration or ultrafiltration 

so can naturally be carried out after some cooling at a 
lower temperature, such as 25°C. The pressure drop 
across the membrane during the filtration may be 5 - 
100 kPa, preferably 50-95 kPa, more preferably 80- 
95, eg 90 kPa, and may be at least 5 kPa below the 

55 pressure drop at which breakthrough across the 
membrane of the aqueous phase takes place, prefer- 
ably at least 7 kPa, eg 10 kPa below said pr ssure 
drop. Thus, in particular, the ultrafiltration may be 
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carried out with the mixture at a temperature of SO- 
SO^, at a pressure drop across the membrane of 80- 
90 kPa, the pressure drop being at least 5 kPa beiow 
that which causes the aqueous phase to pass through 
the membrane. 

The flux rate through the membrane of the oil at 
the pressure in question may be set at 5 - 30 f /n^/hr 
(LMH), preferably 15-25 LMH, and the porosity and 
the thickness of the membrane will be selected ac- 
cordingly. Microf iltration covers pore sizes of 0,5 - 50 
um, usually 0,5 - 10 um, and ultrafiltration covers 
pore sizes of 0,005- 0,5 um. The maximum pore size 
of the membrane In the present invention is preferably 
1 ,0 um, more preferably 0,1 um, the membrane thick- 
ness being selected by routine experimentation to 
provide an acceptable flux rate at an acceptable pres- 
sure drop across the membrane. 

Hydrophobic materials from which the membrane 
can be made include polysulphones, such as polyeth- 
er sulphone, polyolefins, such as polypropylene, and 
polyfluorinated hydrocarbons, such as polytetra- 
fluoroethylene and polyvinylldene fluoride, although 
membranes made of cellulose ester, polystyrene, 
polyvinyl butyral, chlorinated polyvinyl chloride, di- 
phenylopropane polycarbonate, polymethyl- 
methacrylate) or pofy(m-phenylene isophthalamide) 
can in principle be used, to the extent that they are hy- 
drophobic. 

It follows that, in a particular embodiment of the 
invention, the membrane may be selected from poiy- 
sulphone membranes and polypropylene mem- 
branes, having a pore size of at most 0,1 um, the 
membrane being selected to provide, at the pressure 
drop at which the organic phase is passed through the 
membrane, a flux rate of the organic phase through 
the membrane of 30-40 f /m 2 /hr. 

If desired, the method may include, before the oil 
extraction, a saponification step, to saponify chloro- 
phyll in the biomass solution, to reduce chlorophyll 
contamination of the organic phase. This saponifica- 
tion step may be effected in any suitable way known 
in the art, eg by using potassium hydroxide. After the 
separation, the extracted algal biomass may be 
washed, filtered and dried, to provide a protein-con- 
taining by-product. Thus, the biomass may comprise 
protein and chlorophyll, the method including, prior to 
the ultrafiltration, a saponification step whereby the 
chlorophyll in the biomass is saponified, and the 
method including, after separation of the organic 
phase from the aqueous phase, separation of the bio- 
mass from the aqueous phase, followed by washing 
the biomass with water and drying of the biomass to 
form a protein-containing by-product. 

If desired, at least a proportion of the filtered or- 
ganic phase may be recycled to the emulsion and 
mixed therewith, to increase the concentration of p- 
carotene dissolved therein, eg to as close as feasible 
to that of a saturated solution. Furthermore, while the 



method will typically be operated batchwise, it can in 
principle be operated on a continuous or semi- 
continuous basis, eg in an ultrafiltration unit employ- 
ing cross-flow and/or employing a cascade. In partlc- 
s ular, the method may be carried out on a continuous 
basis and, after the separation of the organic phase 
from the aqueous phase, a proportion of at least 10%, 
preferably 20 - 80%, eg 50%, by mass of the separat- 
ed organic phase being recycled to the mixture of the 
10 organic phase and the aqueous phase, thereby to in- 
crease the concentration of the p-carotene dissolved 
in the organic phase in the mixture. 

The invention extends also to a solution of p-car- 
otene dissolved in a vegetable oil, whenever extract- 
is ed in accordance with a method as described above. 
The invention will now be described, by way of il- 
lustration, with reference to the following worked Ex- 
ample: 

20 EXAMPLE 

Dunaliella salina algae in the aqueous saline sol- 
ution of Ben-Amotz and Avnon , sup/a , at a concentra- 
tion of 10 gtf on a dry basis and containing 2% by 

25 mass p-carotene based on the dry mass of the solid 
was solvent-extracted using commercial grade sun- 
flower seed oil. For the extraction the sunflower seed 
oil was intimately mixed with the algal suspension to 
form an emulsion at a temperature of 50 - 80°C, ie 

30 60°C. 

After an extraction time of 5 - 10 min, ie 10 min, 
the emulsion was subjected to ultrafiltration, using a 
hydrophobic polypropylene membrane formed from 1 
mm diameter hollow polypropylene fibres, having a 

35 cut-off, ie a maximum pore size, of 0,1 um, so that it 
retained particles of >0,1 um particle size. The tem- 
perature of the emulsion at which filtration took place 
was 25°C, and the filtration took place through a 
membrane having an area of 3,8 x 10~ 2 m 2 . The pres- 

40 sure drop across the membrane was in the range 80- 
90 kPa, and the membrane thickness was such that 
a flux rate of 25 LMH was achieved. Tests confirmed 
that water breakthrough took place from the emulsion 
at a pressure drop across the membrane of > 90 kPa, 

45 ie90-100kPa. 

The oil phase, containing the dissolved p-caro- 
tene therein, was obtained in a filtered state, ready for 
use or further concentration of refinement of the P- 
carotene, if desired. The substantially oil-free aqu- 

so eous biomass solution, from which the oil had been 
filtered, was retained by the membrane, in the form 
of a by-product comprising a protein-containing aqu- 
eous suspension from which could be obtained a pro- 
tein-rich concentrate, by washing, filtering and dry- 

53 ing. 

An advantage of the invention, particularly as de- 
scribed with reference to the Example, is that it pro- 
vides a single step f iltration, whereby the emulsion 
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claims, characterised in that th mixing is such as 
to form an emulsion in which the organic phas 
is discontinuous and the aqueous phase is con- 
tinuous, the organic phase having an av rage 

5 droplet size of 100 - 400 um, the organic 
phaseiaqueous phase mass ratio being in the 
range 1:50-1:1, and the method including keep- 
ing the emulsion at a temperature of 50-80°C for 
at least 5 minutes before the ultrafiltration takes 

10 place. 

4. A method as claimed in any one of the preceding 
claims, characterised in that the ultrafiltration is 
carried out with the mixture at a temperature of 
15 50-80°C, at a pressure drop across the mem- 
brane of 80-90 kPa, the pressure drop being at 
least 5 kPa below that which causes the aqueous 
phase to pass through the membrane. 

20 5. A method as claimed in any one of the preceding 
claims, characterised in that the membrane is se- 
lected from polysulphone membranes and poly- 
propylene membranes, having a pore size of at 
most 0,1 urn, the membrane being selected to 

25 provide, at the pressure drop at which the organic 
phase is passed through the membrane, a flux 
rate of the organic phase through the membrane 
of 15-25 ?/rn 2 /hr. 



can be separated Into sunflower seed oil containing 
dissolved p-carot ne on the one hand, and a substan- 
tially oil-free aqueous biomass suspension phase on 
the other. Further filtration of the separated oil can 
thus be obviated. The process lends itself to continu- 
ous or at least semi-continuous operation, and the 
proportion of water in the algal biomass suspension 
is not critical, as both the solvent extraction using the 
sunflower seed oil and the separation by ultrafiltra- 
tion can be carried out on relatively dilute suspen- 
sions of algal biomass, which can reduce the neces- 
sity for any concentration and drying steps required 
to be carried out on the biomass suspension before 
the extraction. The risk of oxidation of the p-carotene 
is reduced, no gravity phase separation of the veget- 
able oil is necessary, and the filtered oil is substan- 
tially free of debris. A further particular advantage of 
the invention is that pressure drops across the mem- 
brane can be employed which are relatively low. 



Claims 

1. In the solvent-extraction of p-carotene from an 
aqueous algal biomass suspension whereby an 
organic phase in the form of a vegetable oil which 
is immiscible with water is mixed with a suspen- 
sion in an aqueous phase of an algal biomass, the 
biomass containing the p-carotene, to form a mix- 
ture of the organic phase and the aqueous phase, 
whereby the p-carotene is caused to dissolve in 
the organic phase, followed by separation of the 
organic phase from the aqueous phase, the 
method characterised in that the separation is ef- 
fected by passing the organic phase containing 
the dissolved p-carotene through a semi- 
permeable membrane to effect microf iltration or 
ultrafiltration of the organic phase, the mem- 
brane being of a material which is hydrophobic 
and the organic phase being passed through the 
membrane with a pressure drop across the mem- 
brane which is lower than that which causes the 
aqueous phase to pass through the membrane. 

2. A method as claimed in claim 1 , characterised in 
that the vegetable oil is an edible oil selected 
from soya-bean oil, pea-nut oil and sun-flower 
oil, the suspension being of biomass of halo phi lie 
algae of the genus Dunaliella selected from the 
species Dunaliella parva , D. tertiolecta , D. primo- 
/ecfa , O. peircel, D. salina and mixtures thereof, 
the aqueous phase being a saline culture solution 
in which the biomass is present on a dry basis at 
a concentration of 50-20g/f and in which the p- 
carotene Is present at a concentration of 1-10% 
by mass. 

3. A method as claimed in any one of the preceding 



30 6. A method as claimed in any one of the preceding 
claims, characterised in that the biomass com- 
prises protein and chlorophyll, the method includ- 
ing, prior to the ultrafiltration, a saponification 
step whereby the chlorophyll in the biomass is sa- 

35 ponif led, and the method including, after separa- 
tion of the organic phase from the aqueous 
phase, separation of the biomass from the aqu- 
eous phase, followed by washing the biomass 
with water and drying of the biomass to form a 

40 protein-containing by-product. 

7. A method as claimed in any one of the preceding 
claims, characterised in that the method is car- 
ried out on a continuous basis and, after the sep- 

45 aration of the organic phase from the aqueous 
phase, a proportion of 20 - 80% by mass of the 
separated organic phase being recycled to the 
mixture of the organic phase and the aqueous 
phase, thereby to increase the concentration of 

so the p-carotene dissolved in the organic phase in 
the mixture. 

8. A solution of p-carotene dissolved in an vegetable 
oil, characterised in that it has been extracted in 

55 accordance with a method as claimed in any one 
of the preceding claims. 
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